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Without plants there would be no animals, and 
plants grow in the soil— a product of weathering. 
Every day* we witness changes taking place 
about us as materials adjust to their environment 
by weathering, Paint chipping, metal rusting, 
roads cracking, rocks crumbling are all signs of 
the never-ending change. This* pamphlet high- 
lights weathering. through field investigation of 
our environment— rocks, pavements, buildings, 
and a cemetery. 

Dr. Robert E. Boyer is Professor of Geology 
and education at The University of Texas at 
Austin. He is interested in geology in the field 
and his publications have be&n primarily in 
field-based studies in structural geology, Dr, 
Boyer has served as Editor of the Tems Journal 
of Scieffce and the Journal of Geological 
Education; and is Editor of the ESCP Pamphlet 
Series. 
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INTRODUCTION 

' . What changes have the Egyptian pyramids under- 
gone after almost 4000 years? Do the lofty peaks 
of mountains remain the same forever? What . 
provides the rock materia! that the Mississippi 
River pours into the Gulf of Mexico at the rate of 
2,009,000 tons a day? These are only a few among 
many simijar, intriguing questions about the earth's 
surface. Understanding" rock weathering and its 
relation to the unrelenting force of gravity and the 
long-term effects of erosion will help answer such 
questions. 

Minerals, rocks, and man-made products near 
and at the earth's surface arc constantly changing 
because of exposure to air, water, and the ac- 
tivities of living things. These changes are called 
weatht'rinu. Depending on the point of view, 
weathering may be either constructive or destruc- 
tive. A quarryman interested in cutting fresh gran- 
ite slabs for buildings, statues, or tombstones 
views weathering differently froip thfe farmer 
plowing fields of loose, fine rock dnd dirt. To the 
quarryman, weathering means ''breakdown" or 
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**rottingt'' and the. weathered rock loses its useful- 
ness. But to the farmer, weathering is a neijessary 
processing of rock into Jhe material he needs-r-^oil 
Weathering affects ^1 materiais—house paint, 
glass, concrete, even steel. Any surface exposed 
to water and air will weather. Some material^ 
merely takedonger than others to show the effects. 
Weathering has been powerful enmigh to alter, and' 
alter agmn, the entire surface of the earth. Field 
trip,s can enable you to see effects of weathering on 
materials in your cominunity,. and to see that the 
prcK:ess is going on continually every where. 



WEATHERING 
PROCESSES ' 

Most rcKrks form under conditions very different 
from those existing at the earth's surface. As rocks , 
become exposed to the atmosphere and the hydro- 
sphere (the water portion of the earth), they respond 
to this new environment by weathering. Weathering 
occurs not only at the Earth's surface, but at any 
depth penetrated by .air and water. Weathering is 
one of the more- important processes that occurs 
at an interfyce. or zone of interaction, among the 
atmosphere, hydrosphere, and lithosph^re (the 
^iolid outer shell of the earth). 

What actually happens to a rock or mineral when* 
it weathers'/ First, it may be broken or shattered 
into small pieces. This type pf weathering is a 
physical process. Second, the rocks can be altered 
chemically, generally by removing chemical ele- 
ments from the minerals or by adding e^Iemcnts 
from some other source. Usually both processes 
occur at the same time. These types of weathering 
affe chemical processes. Although it is simpler 
to discuss the physical and chemical processes 
separately because different principles are in- 
volved, they seldom operate alone. Each aids the 
other, and they generally occur simultaneously. 
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Physical Weatherii^g 



In most rocks physical weathering begins long 
before their exposure at the earth's surface While 
s;tiii deeply buried, they are under considerable 
pressure. (Imagine the pressure exerted .at the 
bottom of 5000 rteters of rocks!) As overlying rocks 
are eroded away, the pressure on the rocks below 
is lessened and they expand upward. Frequently 
cracks form, providing pathways /or water to 
move thrybgh the rocks. ;^ \ 

Sompllmes in deep mines (such as The gold mines 
of South Africa), the release of pi^essure bursts 
the rocks with such explosive violence that miners 
are killed by flying fragpients. Quarry men occa^ 
sionally witness sudden pressure releases that- 
cause an upheaval of the quarry floor. For example, 
in a granite quarry in Georgia, a quarryman and 
his jackhammer were said to have been tossed 
two meters in the air when part of the quarry floor 
popped up. 

Water too can break rocks. Water stored in 
hedfQvk (solid rock usually overlain by loose rock 
and, soil) fT;|oves along cracks and through rock 
pores and other openings. The water in near- 
surface cracks and openings freezes and expands 
to produce a wedging action, which' can be strong 
enough to fracture the rocks and form neW channels 
for additional water seepa^. As this process is 
repeated, more and more rj^eks are broken up 
(Figure 1). 




Figured Water freez- 
ing and cracking bed- 
rock below the sur- 
face. • 
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Figure 2. The wedg- You have probably seen tree rOots growing in 
ing action of tree roots rocks, as shown in Figure 2, Which do you suppose 
on bedrock. ^^j^^ first— the root orMhe crack in the rock? The* 

roots of plants, particularly those of large trees, 
can grow not only into the soil but also into tiny 
cracks in bedrock. As they wedge and pry the 
rocky material, the roots widen the cracks. Such 
openings are then, invaded by water, and chemical 
weathering results. 

Animals also promote weathering. Some animals 
break up rocks by trampling on them. Others 
burrow jnto the ground, exposing rocks to the air 
Evtn tl^* earthworm aids in the weathering pro- 
cess by passing loa^se rock material through its 
^ digestive tract. ^ 

Man's continuing efforts to adapt the earth's 
surface to ail his needs also effectively help to^ 
break up rocks. Drainage systems, irrigation 
projects, highway and dam construction, and 
mining and quarrying activities all cause. consider- 
able rock -^fracturing and earth movement, and 
expose large sections of frtsh bedrock to the at- 
mosphere. 
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Chemical Weathering 



Rocks simply aggregates of minerals, and 
chemical weathering is the A3hemical reaction of 
substances in the atmosphere and the hydrosphere 
—particularly carbon dioxide, oxygen, and ^ater— 
with these minerals. Hach mineral is tr^ade up of 
combinations of a certain chemical element or 
elements that give it a more or less distinctive 
chemical composition. Klements composing'some 
minerals exist as ions, atoms or groups ol'atoms of a 
substance that are electrically charged because' 
they have lost or gained electrons. Picture such i!» 
mineral as containing ions of different elements 
held together by the mutual attraction of their 
opposing electrical charges. F or example, common 
table salt consists of grains of the mineriilxalled 
hiilite. composed of two elements, sodium and 
chlorine, in a ratio of one ion of sodium to one ion 
of chlorine (f igure 3). ('hcmisfs have given each 
clement a shorthand symbol: sodium is Na and 
chlorine is (7. This makes the chemical fi)rmula 
for halite NaCi. 



Figure 3 (A) Atomic 
^ructure of the mm- 
oral halite showing 
sodium and chlorme 
ions (B) Natural ap- 
pearance of hahto 




A f]u>ic complicafcd mineral is a type i)t c)iivjnc 
called j(i\alirC\ it is made up of three elements: 
iron (I e). silicon fSih and oxygen (()). The ralK) 
of these ejemcnts is Two atoms ot mm io one aU)m 
of silicon u> loiir atoms of oxygen, held together 
by shaifng electrons between tlie atoms. In chein 
ical sliorlhand, rayafite is represenlVd 41s l e,,Si<),. 
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Water can dissolve some minerals* HaHte, for 
example, dissolves readily-^its sodium and chitrinc 
ions become dispersed in the water. On the other 
hahd, water conAines with some substances to 
form weak acids. An example is the reaction of 
water (H2O) with carbon dioxide (CO^) from the 
atmosphere. The two combine to form carbonic 
acid (H2CO3). This process can be expressed by 
the.chemical equation 

Carbonic acid is particularly effective in promoting 
weathering. 

Much of the carboo dioxide that combines 'with 
water in the ground comes from decaying or^nic 
material- Dead plant matter acc'umulates and rots 
to form humus, which contributes carbon dioxide 
to the soil, where it is picked up by circulating 
water and turned into carbonic acid- Plant rootlets 
also produce acids that react with minerals/ Even 
tiny lichens are actively decomposing the rocks to 
which they cling. 

Oxygen from the' atmosphere is another cause 
of chemical weathering. It combines with some 
minerals through the process of oxidation to form 
new minerals. Iron-bearing minerals are particu- 
larly subject to oxidation. For this reason the 
surfaces of objects rtade of iron must be protected 
from exposure to the air. A car fender quickly 
begins to rust after the paint has been scratched 
otf. Furthermore^ when the iron in a mineral is 
exposed to air and moisture, it is oxidized, and the 
mineral tends to separate from the minemi struc- 
ture. This process exposes new surfaces and aids 
in-leathering. 

The mineral fayalite can take part in an oxida- 
tion reaction, as shown below. One of the oxida- 
tion products is the familiar iron oxide hematite 

2Fa, S iO^ i O2 -2^Fe2Q^ f ^SiOa^ 
fayalite hematite soluble silica 



Hematite^ and another iron opd^, limonite« are 
commonly quite soft and range in colftr from rusty 
to yellow-brown. Rub your finger oyer rusty 
iron and notice the color. The^e same minerals 
cause streaks of discoloration where water, runs 
over iron that has been left outdoors, as in pipes 
and fences. The Indians powdered hematite and 
iimonite, using the red, orange, and yellow-brown 
colors as **war paint.'* Because of their bright 
colors, these iron oxides were also once used for 
commercial paints. As iron ores they- are impor- 
tant in supplying steel mills. 

Water alone may produce chemical weathering. 
It dissociates or separates into hydrogen (H^) 
and hydroxyl (OH ) ions, which react with many 
minerals: 

Another source of H ^ for reaction is the dissocia-^ 
ttoh of carboniq acid: 

It is thus not as H^O, but as and OH" ion^,- 
that water acts" as a powerful chemical agent on 
some minerals, breaking them down by reacting 
with their erements.'This process is called hydrol- 
ysis, and it affects silicates, composed mainly of 
silicon and^oxygen, the most abundant minerals in 
the earth's crust. The hydrolysis'of silicate minerals 
commonly produces clay minerals and free ions in 
solution. An* example is the hydrolysis of oriho- 
clasc, the most common silicate mineral: 

2KAjSi,a ^ H,0 i 2H ^ Ai^Si.O^COH)^ ^ 
orthoclase clay 

4.4SiO,4 2K^ 

soluble potassium 
silica tons 



* Water can idso tead to chemical phange by 
andther process cail^ flydratwn. In this prcK^ess, 
water is added \o the minerals in rocks. As the 
water is absortfed, expansion ty&es, place and new 
^minerals are formed. The nuneml anhydrite 
(GaSO*) combines with waWto'form the raineml 
gypsum <CaSd4 • 2H2O) as fbllows: 

CaS04 + 2H2O CaSO^ • 2H^0 

The change from aniiydrite tb gypsum increases 
tHe volume bx approximately 40 percent. 
• Clay minerals afe Common ^rod*ic of che^cal 
weathering processes. There are NOiany different 
types of clas^ minerals. They are commonly com- 
posed of , silicon and aluminunf oxid|s in combina- 
tion with the other cpmmoii rock-forming elements 
like sodium, potassium, calcium, and magnesium, 
llhte and kaolinite ai^e Iwo common clay minerals. 

"'swelling clays'* that expand when wet present : 
construction problem^. During rainy periods, 
buildings on rock containing such clay may heave, 
cracking the foundations and caus?hg the doors 
and windows to jam. On the other hand, clay 
minerals are used in the manufacture of bricks 
and porcelain and as filler in chocc^ate bars and 
beauty preparations. 

THE SPEED 

OF WEATHERING 

How rapid is weathering? Does the rate of 
weathering differ from place to place and from 
time to time? 

About 1500 B.C. two stone obelisks that came 
to be known as Cleopatra's Needles were shipped 
from granite quarries near Aswan, Egypt, and||^et 
up at Heliopolis, on the bank of the Nile. In the 
ancient . Egyptian religion the obelisks represented 
the sun, symbolic of light and life, and the daily 
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ROCK WEATH^RIMGVS 
FKJHfe 4. {A) ClTO- 

indria; Egypt, in 
1880'Ss (B) Cleopatra'^ 
Naedte in Central Pprk, 
New York City, today. 



^course of Ra, the sun god. About 14 B.C., Caesar 
Augustus had the two obelisks moved to Alex- 
antfria to decorate the Caesareum. Stil! later, in • 
1878 and 188!, respectively, the obelisks were 
given t6 England knd the United States. One now 
stands on the ^^harnes embankment in London, the 
other in •Central Park in^ New York City. Juxta- 
posing the appearance of one of the obelisks after 
almost 34(H) years in Bgypt and after less than KM) 
years in Central, Park provides an interesting com- 
parison of weathering rates U jgn|^ 4). 
, The hieroglyphics inscribed on both the obelisk ' 
in Londpn and the one in New York (Figure 4B)^ 
are defaced, indicating extensive Weathering. 
Some scientists attribute fhe rapid weathering 
to the transition fc^i a hot, arid climate in FLgypt, 
where the obelisks presumably remained essen- 
tially unchanged for almost 3400 years, to their 
present variable, moist climates. Others suggest 
that they were already deeply weathered in Egypt, 
and that moving them to the present climates 
simply increased the flaking of weathered material, 
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* ■ ' * 

Irr general, severaJ factors—including the nature 
\. ^ of bedr(K:k, climaticxonditions, and the abuhdailce ^ 
\ ■' of plant and animal UffAinfluence the rate at which 
- . weathering progresses. And usually the effects 

* of weathering take ye;^ to become readily notide- 

' > able. *A limestone may resist weathering in a semi- 

arid region like Arizona, showing little alteration 
after many years; but in a humid state like Ken- 
, ' tucky the same kind of rock may develop caves 

,y and sinkholes. ^ A/nassive outcrop of 'granite may 
* wcatfier $iov/\y/m one area, but because of inten- 

' r . sive fractupflg or a difference in climate be worn 
away completely afl^r only a few years in another 
' * region. 

Also important is an area's topography/ This 
affects such features as water runoff, vegetation, 
. and the rate of erosion of weathered materials. F^or 

instance^ loose rock material and soil will accumu- 
late in flat-lying areas, but may quickly be removed 
in mour^tainous ones, thereby exposing more bed- 
rock to be weathered- 

In general, the most rapid chemical weathering 
can be expected in areas with abundant rainfall and 
high temperatures. Abundant rainfall promotes 
growth of deqsc vegetation, while high tempera- 
tures increase both the rate of plant growth and the 
rate of decay of dead plant material. ^Thepolting 
plants in turn supply acids to the ground mbisture, 
A tropical rainy climate is thus ideal for cnemical 
weathering {Figure 5 A). In the United Stales, the 
humid subtropical parts of several southi?astem 
states most closely approximate these con(^itions,4( 
although thfi: continental United States does not 
have a true tropical climate. } 

Physical weathering, by contrast, is most active 
where temperature changes are frequent and ex- 
treme, and where rainfall is scanty. Ujiddr these 
conditions, pedrock is commonly exposed to physi- 
cal weathering b^ause vegetation is sparse tFigure 
5B). Consequently, physical weathering is a\major 
factor in arid regions like Arizona and Nevada, 
and in areas with altemate^freezing and thawing, 
as at high altitudeji-and polar latitudes. ^ 




PREPARING FQR 
• A FIELD TRIP 

feathering OCCUR evciywheoe. Thertf are many 

• • common products and results of weathering to 

V look for on field trips. * *. 

Does the area you jplan to visit display a variety 

of natural features— such as different types of 
' visible bedrock* varying amount* of bedrock. 

distorijarice, changes in types aijd density of vege- 
tation, and a varied topography ? If si>, be sure to 
plan yourHield' trip or trips' sd that you visit ^as 
many different sites of weathering a§ possible. 
Comparing field observations of a variety of geo- 
logic features will help you better umferstand the 
. weathering proces^s. 

It is important to have the necessary equipn^nt 
when you take a field trip. Pe sure to wear old 
. Clcrthes; shoes that protect ydur ankles when 
climbing tin the rocks are also a good idea. The 
follpwing materials are useful: 

Compass 

Dilute hydrochloric acid (10% solution in a l-oz 
dropper bottle; available in most drug stores) 
Rock hammer (geololgic pick) 
Hand lens (magnifying glass) 
Notebook 

Kelt pen for JabeHng samples 

Pencils with erasers, a few colored pencils 

Pocket knife. 

Ruler 

12 paper bags 



FIELD TRIP 

TO AM OUTCROP 

Yoyr first question might logically be where to 
find an outcrop to study rock weathering. Some 
areas ^re full of exposed bedrcKk and outcrops 

17 
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are easy to find, but in others the bedrock y% cov- 
ered by a thic^ layer of soil and dense vegetation. 
If exposures are scarce, check along- all streams 
and rivers; their flowing water rapidly removes 
loose material overlying bedrosrky Man-made 
exposures . of bedrock are an alternative source; 
C^heck road cuts and quarry sites or any area 
where there has been construction work ^ Figure 6), 
After choosing a good location, be sure to get 
permission before gbing on private property. Obey 
all trespass laws. Landowners are generally cordial 
and willing to have you on their land //you ask them 
before you ejoter their property. When you arrive 
at the outcrop, first get an overall impression of 
the exposure you will be studying. Carefully look 
over the tertain; observe such features as topog- 
raphy, drainage, size of the outcrop area, and 
vegetation. Then ask yourself: **W^^ is there an 
outcrop here? How did it get here? Has it been 
here long time?" 



Figure 8. Road cUt 
shows effects of 
weathering on differ- 
ent rock types. » 
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When you begin to observe weathering of the 
outcrop, also cdnsider the fdllpwiHg factors: 

1) The kind of rcH?k exposed ami the identity of- 
scmie of its mtnenUs. ^ - ;^ 

2) The changes you^ nptice by contrasting sam- 
ples 4ii fresh and .weathered rock, such as 
their color c^d hardness, and the size^ shape, 

* and ^rr^em^t of parficleij. 

3) The physical arid chemicar weathering pro- ^ 
' cesses that have been active, and the relative, 

ii^portance of each- > . ' ^ 

4) The economic iniplications--lK>th favorable 
and unfavorable--of this weathering as » it 
affects man. ' r 

5) What the weathering products are! / * 

How tck Examine the Rock 

Because weathering can be eonsidered an ad- 
justment of materials- 4o a new environment, you 
should first look for any changes that have taken 
place. 

* It is important to have representative samples 
of fresh and weathered rock. Look over the out- 
crop carefially; then decide where to get samples 
of both kinds (F^i^ure 7>. Get a solid piece of 
weathered rock, avoiding highly crumbly areas. 
Break off a piece of hard, firm rock to get a sample 
'of fresh rock. Be careful when striking, rock. Sm^I 
chips may fly off and can be dangerous, especially 
to the eyes. Shield your eyes, and do not hit rocks 
while other people arc standing nearby. 

Inspect the two pieces of rock carefully, observ- 
ing their similarities and their differences. Then 
use your hand lens to examine the individual min- 
erals in each sample. What visible features are 
different in the two samples? Remember—such 
differences are probably the result of weathering. 

Color is probably the first feature you will Hote. 
Compare the two samples for overall color- I hen 
check tlie cdlor of the minerals in each sample. Do 
you notice any' changes in color between the fresh 
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and weathered samples? Does one sample have 
more minerals that are darH, colored? * 

Hardoe^ is a pix^eily that car) be easily tested* 
The hardiiess of a rock is related to the strength 
with which the individual mineral grains are held 
together*^ Henc% it i^ a measure of the cementing 
or inteiioc^ing strength of a Iwlc Test the rock 
harness by lightly hitting or rubbing the sampl[^s 
with your hammer. .Does the ^rock crufnble into 
Joose material^or does it remain hard £ind firm? 
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Mineral hardness refers to the resistance of a 
mineral when you try to scratch it. The amount of 
resistance inbicates the compactness and firmness 
of the arrangement of atoms inside the mineral. This 
type of hardnesa^can be tested by trying tq scratch 
the minerals with your pocket knife, a penny, or 
even your fingernail. If ev^n the pocket knife can- 
not scratch one or more of the minerats in the rock, 
try ^icraping the edges of these minerals against 
the knife blade to see if ttfey a« hard enough to 
scratch it. Does one sample appear to have more 
hard minerals than the other? . * 

Rock fabric is the arrangement of the particles 
(grains, minerals, rock fragments, fossils) in a rock. 
Observe the arrangement of particles in both the 



J^lgure 7. Contrast 
between fresh and 
weathered rock. 
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fresh and the weathered samples. Do you see ^y . 
. alignment in the rock fabric— bands, layers, or 

wavy streaks? What is the effect of weathering on 
the rock fabric? Can you see the fabric more clearly 

* * ' in the fresh or in the weathered sample? , 

k On,<?loser inspection you may notice that some 

particifes weather more rapidly than others; cpn- 

• ^ sequently. the particles with more resistance 
. (quartz, for example? stand out on the surface more 

\ * * than weathered particles do. Perhaps the rocks are . 

; " . ' . layered; then a laye^ of the more resistaat parficles 
; ^ may be next to"' a layep of particles that weather 

- ^ . more rapidly (Figure 6)u This is called dWjerential 

. . ,weathering7 

" ' Tl« reason todaatehydrodil«rteiwid(HGl) may 

be a useful test of the degree of rock weathering. 
,i , The H+ iops from dilute HCI react with carbonate 

, ' HKiks (most commonly the mineral calcite, CaCOs)^, 

cariK)n.dRoxide (CO2) is set free in the form of a gas.- 
- as shown by the vertical arrow in the equation: 

2HC1 + CaCOg ~> COs T + >^sO + CaCIa 

The escaping taifeon dioxide causes the rock to 
bubble and foam. The rate at which this occurs can 
be used to measure .the relative amount of calcite 
present and, thereby, the amount of weathering that 

has taken place. . , 

Several processes that o€cm during weathenng 
tend to increase the foaming. As rock is weathered, 
it becomes softer as the attachment between in- 
dividual grains is loosened As a resuft, the acid 
penetrates the rock more easily. Since the acid 
then comes, in contact with more rock surface, if 
" this surface contains calcite the rock will foam 
more freely. Also, as water moves through rocks 
during weathering, the carbonate material in solu- 
*lion is commonly precipitated as -calcite, which 
coats the fracture surfaces and fills rock pore 
spaces. This Concentration of excite is detected by 

increased foaming- Agairi; the weathered sample 
' . - ' should foam more freely than the fresh rock sample. 
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Jolots are fractures or breaks, common in all 
rocks* lhat generally occur in a reguiaily arranged 
^pattern (pigore 8). They are formed by such meth- 
ods as the release of confining pressures. throug{i 
the erosion of overlying rocks/ the cdntractiop, 
whei| rocks are formed as meited toiatefials from 
the earth's interior cool, the compaction of IcK)se 
sediments to form sedimentary rocks* and the 
squeezing and foldiilg of rcK:ks. caused by move- 
ments within the earth. 

J^ts^play arr importaiit role in rock weathering. 
They are excellent channelways for the circulation 
of water downward thnjugh the rXK:ks; this watSr, 
in turn, widens the joints by dissolving minerals, 
by' decomposii^g rock next to the joints, and by 
carrying away fih^* particles of loose material. The 
joints may -be further expanded B^oot wedging 
and by freezing and expanding^ df^trapped water, 



Ffgupe 8. Bedrock 
Showing the effect of 
jointing in weather- 
ing. (A) Cretaceou$ 
limestone in WilUam- 
son County. Texas. 
(B)^ Paleozoic sedi- 
mentary rocks In Bur- 



18 / ROCK WEATHEWNG 




FIgMfe 9. A. soil pro- 
file developed on 
granite shovys weath- 
ered horizons. 



Look for the root systems of any trees or large 
shrujjs that may be. growing near the outcrop. See 
if these TCK>ts follow along joints; that are present • 
' in the outcrop. Do you notice any grasses or other , / 
' small plants gii>wing along the joints? Is there aiiy 
discoloration in the rocks ac^aCent to -the joints 
- (Figures 2 and^)? * 

Look for other features that may affect the way 
the rock is weathering, as, for example, the lidded 
layers of secymentary rocks or the^ mineral bands 
or layers in some igneous ^donetamorphic rocks. . 
These featured may act as zones of weakness aIon|; 
which the rock subdivides into bouldefs and slabs; 
Rocks with closely .spaced planes of weakness, 
such as thinly tedded* shale or highly fractured 
• deformed rocks, weather more rapidly than un- 
fractured rocks. Count the number of joints as you 
vi^alk along the outcrop for a distance of three 
metgrs.^ Compare the number that are. hair-thin or 
unweathered with the number that show somg 
width and are deeply weathered. : 

Rocfc debris consists of pieces of rock thatAvere 
loosened from the outcrop and fell to' the bottom of . 
the slope. The smaller ones are washed away by ' . 
heavy rains; the larger biMks continue to weather 
and break down to finer pieces. Pick up some of the 
fragments lying loose at the base of the outcrop* 
and look at them carefully. Since they jpajne from 
. the outcrop, they contain the same minerals. 
, The soil picQfile consists of several zones or '^l^pYi- 
zon^'" of loose rocks and soil between the bedrock 
and the ground surface. The upper zones may be 
rich in organic material, de^:oniposed rock; and 
products of cliemical weathering such as clay min- 
erals, aluminum, and iron oxides. These are the 
zones that support plant life; f'arther down, the 
degree of cHemfcal weathering decreases and the 
material sijPP'y becomes Joose rock debris that 
grades ipto the solid bedrock IxjIow { Figure 9). , 

liee if you can observe the changes in tKe nature* 
of the soil profile from top to bottom. Notice how 
the rock fragments change in size as you move from 
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ffie surface down to the un weathered bedrockv and 

• how. the color of the fng|,0tiai changes. Finally^ 
measure the thickness of the weathered rock and, 
if possible, subdivide it into zones of highly al- 
ter^^ jportly ajten^/ and -slightly ^tered material. 
This breakdown will give ytSti a good basis for 
compariitg the degree of weathering of this ^k 

^ with the weathering of other rock outorops you 
may visit. • " 

Sedimentary Rocks 

Bedding or layering is present in nearly all rocks " 
that have been formed as sediments t^came 
pressed together. These are called sedimentstry 
rocks. Variations in such features as.Qolor, grain 
size, and grain composition occur in the individual 
beds. Sedimentary rocks such as sandstpne and 
shaU% which are composed of rock particles and 
mineral grains of various sizes, show the bedding 
pattenj most clearly. If the outcrop you visit is 
sandstone or shale, carefully examine the material 
that makes up the different beds. What differences 
distinguish one bed from another? 

Can you recognize that some beds are more 
weathered than others? Dijferehtial weathering 
may have resulted from differences in the composi- 
tion and size of the materials making up t*hese beds. 
What features made some feeds less resistant to 

* Weathering? 

Now look at the >$urfaccs between beds, called 
the hefJiUti^ planes. Dp yoU see any evidence that 
weathering has been more severe in the rocks ad- 
jacent to these planes?. Are there any plant roots 
along these -planes, or is there any evidence that 
the rocks along these planes^ have bcm pried or 
loosened? 

Joints and bedding planes control the shape taken 
by weathered fragments of rock. Sh^es often have 
closely spaced joints and thin beds, §0 tti^r weath- 
ered pieces occur as chips and fragments a few 
centimeters long. In contrajst, sandstone^, tend to 
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Ftgufe 10. Roie of 
solution^' in the ' de- 
velopment of caverns 
In limestone t)ectrocK 




be more thickly bedded and to have widely spaced 
joints: thidy chamcteristieally break into larjge 
blocks. 

' Sandstone and sh^e form by the accumulation 
of particles of weathered rock, but not all sedi- 
mentary rocks have the same origin. Some are made 
from material precipitated from solution. Rocks 
formed from precipitated material include such 
deposits as anhydrite and rock , salt and many 
carbonate rocks, composed chiefly of the minerals 
caJcite and dolomite. 

Much weathering of carbonate rocks occurs as 
• water percolating down through them dissolves 
the material gf which they are comfX)sed. As the 
dissolved material is carried away, spaces Open 
in the rocks; these spaces may enlarge into cavcrrjs 
or caves. If the outcrop you visit is carbonate rock, 
look for evidence that the solution processlias been 
at work' Do you see any openings along joints or 
bedding planes {Figure 10)? 

If the openings in the rocks become large enough, 
the overlying material may slump into the open 
spaces and disturb the bedding. This slumping may 
make the surf ace of the ground highly irregular ahd 
even cause pits to develop. Are therp any known 
caves in your area? If so. can you spot them by the 
surface topography? . 
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Igneous and Metamorphic Rocks 

Many igneous and metamorphic foclcs, which 
develop from the molten material deep within the 
earth, occur as massive outcrops with few joints 
or other planejf of weakness. Others may be exten- 
sively jointed. These rocks may weather to form 
shells or sheets, which j^ei off \^en you pry them 
with your pick, or they may become rounded by 
weathering— a cljaracteristic of coarse-grained 
rock such as granite (Figure I I). The igneous^pjt 
metamorphic rocks you exarnine may contain min- 
erals in bands 6j prominent Iay6rs of differenCrock 
types. If they do. these layers or bands may aflfect 
the weathering, and the feathering features you . 
find may resemble "those in, sedimentary rocks. 







Figure 11. (A) De- 
velppment of exfolia- 
tion, or scaling, in 
massive nonlayered 
rock, shown diagram- 
matlcalty. (B) ExfOH- 
Bled boulder^ in an 
outcrop. 
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Sketci^g putcrap 

. Prepare a detailed sketch of the outcrop. Make it 
laj^e enough to include a section of outcrop about 
Hve meters wide and extending upward from the 
base of the exposure to the top of the ground (in- 
cluding the soil)* ^e sketch should include the 
following observed weathering features: 

1) Soil ppfiie* Try to subdivide it into iayers 
based on changes in color, size of rock frag- 
ments, and general abundance of organic ma- 
leriai. • 

2) Bedrck^k. Include 

a) Color changes in the rock. . 

b) Joints; draw their pattern as carefully as 
^ssible. 

^c) Bedding, layering, banding, and other 
prominent features of the rock fabric... 

d> Differential wealhering, 

e) Rounding or ofher chmiges in the shape oh 
bedrock blocks; stress particularly any^ 
effects that may show a progressive change 
from -top to bottom of the bedrock e>^-' 
PQsure, ' 

f f Sluirlpage or pther disturbances of the rock 
I ^ that may have occurred as materials were 
dissolved from between rock layers. 

g) Any zones or defined limits of rock (for 
example, joint fillings) that react to dilute 
hydrochloric acid* 

K) Any other bedrock features that appear 
significant. 

3) Rock debris at the base of the outcrop. Some 
areas may lack such material, but others may 
have prominent concentrations of loosely, 
piled rock debris. The position of this debris 
may be directly related to the quantity of bed- 
rock in the outcrop that has weathered. 

This detailed sketch is your jiermanent record. 
You may also wish tp photograph the outcrop* If 
so, first take a picture showing the entire area you 
sketched. Then, if you wish, photograph some of 
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the detailed features. Always indude a pereon or 
;a famiiiar objectK^uch m u hanimer/ ruler, or note- 
bbokt in the picture to indicate the scale of the view. 

Sapling for Laboratbi7 Study 

r 

You may also wish to take samples for later 
examination in the laboratory. So that your data 
wiH be meaningful, carefully select each sample as 
representative of the rock- Samples should be care- 
fully labeled. Don't forget to indicate where each 
sample was taken on the outcrop sketch. This pro- 
cedure makes it pos?^ible later to correctly relate 
your laboratory studies to the outcrop. 

Several laboratory mvestigatioi^^an bp used to 
measure changes that ocqur as rocks weathei*. For 
example, since rock density^iecreases as the rock 

. weathers, one interesting experiment is to measure 
and compare the specific gravity (density per unit 
volume) of a fresh rock with that of progressively 
more weathered samples of the same rock. To do 
this, sample the rock both where it has been ex- 
posed for a long time and, by breaking out some 

frock, below the surface where it appears fresh. If 

"lone is available, use a Jolly balance, a double pan 
spring balance, to weigh each sample in air (W^) 
an^d in water (W^). The specific gravity is deter- 

• mined as follows: 




w 

specific gravity - ^ -3^- , 



The chemical composition of the rock, which 
• - tfh'anges during weathering, can also be measured. 
Changes in calcium carbonate (CaCOs) content are 
easy enough to estimate by applying dilute hydro- 
chloric acid to the samples and noting the degree 
of foaming. 

Weathering processes such as hydration and oxi- 
dation can be reproduced in the laboratory by 
using inexpensive materials commonly found at 
e home or school. Study the factors, sucb as solutions, 

o . 28 ■ 
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Figure 12. 
examming 



^ how much they 
have weathered. 



tertiperature, and particle size, thai affect the rate 
of a chemical reaction. For example, compare the 
rate of rust formatioA (an oxidation process) of a 
steel-wool pan cleaner and an iron nail under vari- 
ous, conditions. Every day for, one week, obsierve 
samples of each kind of iron dry, soaked in tap 
water, and soaked in salt wat^r. You can also vary 
temperatures, by using an oven. Or, observe hydra-: 
tion by adding water to plaster of Paris and observ- 
ing how the plaster of Paris swells. What other 
4^' materials can you think of that will rieacf qnickly to 
't^ water? Try yeast and salt. 



1, Student 
bricks to 




NEIGHBORHOOD FIELD 
TRIPS 

Brick Buildings 

Walk past several brick buildings in your town 
or city. Choose an cj^ld building with unpainted 
bricks. Buildings of that period sometimes have the 
date of construction on a comecstone or near the 
front top arch. Examine the brick walls carefully 
and watch for the following features (Figure 12): 
It I) Is the brick surface smooth or rough and ir- 
regular, or does it vary from brick to brick? 
2) Are the comvs of the bricks angular or 
rounded? 



* . RGCK WEATHERING/ 26 

3 X Are the brick edges strai^t or irregular?' 

4) Are there many cracks or chips in the bricks? * 

5) , Is the color orthe bricks uriiform, or does it 
differ from brick to brick? Does the brick have 

J a different color where it has been chipped? > 

-6) Is the mortar between the bricks nearly Q^h 
with the brick surface, or do the bricks pro- 
trude more than one centimeter beyond the 
. mortar? 

Next, exarixine the^ walls of ^ brick building buiU. ^ 
in the past 10 to 20 years. Go through the same list 
br^Uestions and compare your findings for the two 
buildings (Figure 13 A), - . 




er|c 30 




Figure 13. (8) Graph 
compa'f etP weather ir^ 
features of bricks on 
buildings greeted in 
different years. 




Do you think that byvexamining the bricks you 
can estimate the of most brick buildings? 
Choose three brick buildings built about 1900,. 
1930, and 1960, respectively. Visit each of them 
and, at eye level, observe 100 bpcks in a row. 
Count and record how many of the bricks in each 
group of 100 show the following features; 

1) A rough and irregular surface. 

2) Two or more roynded corners. 

3) At least one long edge that is irregular. 

4) A crack or chip. 

Also estimate the average >iif5tance (in milli- 
meters) between the mortar and the brick surface. 
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Theii cbmp^e your data on the three . * - / 

and pbr^€ results (Figure i'i^B)* For mch build- * ^ " 

iiig* draw* a honzontal bar from lift to rii^f out to . ^' 
^^he number of bncks that showed each* feature^ ^ . 

u Labef this bar with the age of that building* In the-*^ ^ 

samq' *!^^^ average depth of mortar \ "^^^ 

' ' below the brick surface. When yoii have done this . ^ 

for aiMhree buildings, you have ns^ured the 
• weatheHng features of the bricks and graphically 
demonstrated their relation to the age of the 
^ buildings. 

Next, test your data. Choose another bfiilding— 
one whose age you do not know. Study 100 bricks 
as before, and plot your hew data on the graph-y ■ 
Then compare your findings with the record for 
the other three buildings. From these results* es- 
timate the age of the undated building, 

Don^t be surprised if you find that occasionally an 
old brick building has withstood weathering better 
than a newer one. Bricks are made from nxjk ma- 
terials, and the materials used during one period 
of time or by one brick factory probably differ in 
composition from those made at another time or by 
another factory. Then, too, a building may be rela- 
tively more pr less sheltered than another of the 
' saAie age. Would you expect a building located on a 
windswept hill to weather at a different rate than 
one protected by trees in a vallfty? 

Sometimes your results may vary, depending on 
which side of the building you examine. Have you 
ever noticed how snow melts faster on the sunny, 
southern exposure of a hillside? Along many east- 
west highways in mountainous regions, and in the 
northern states during the winter and spring, it is 
common to see banks of snow restricted to the 
north-facing slopes of road cuts (Figure 14). The 
slopes facing south have been exposed to warm sun 
that has melted their snow. Has this also affected 
the degree of weathering of the rocks on the op- ^ 
posite sides of the highway? The north side of a 
^ building will not only have snow near it longer, but 
will remain wet longer after a rainstorm for the 
sarrie reason. ^ 
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Figure 14. Snowbank 
remains on north- 
facing slope of road 
cut , (right),, has dis- 
appeared on south- 
facing slope (left). 
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Careful observation may also reveal that the 
sides of a building with greater ex{x>sure ttvmois- 
tiire may contain abundant algae and lichens and be 
more severely weathered. The rpws of bricks clos- 
est to the ground generally show a higher degree of 
weathering; so do those around doors and windows, 
particularly at the comers of window sills. Here 
again is evidence of a relationship between expo- 
sure to moisture arid degree of weathering. What 
effect might prevailing wind direction have on tlje 
weathering 6f a building? To ensure the greatest^ 
accuracy in your observations, try to be consistent 
and always study the same side or exposure of the 
buildings you compare. If there are hills in your 
area, compare the amount of vegetation on the 
north and south slopes. Which have more vegeta- 
tion? Can you explailn why? 

1 ) When old buildings are torn down, the bricks 
are saved fof' building new homes. Why do 
you think these "antique bricks" are consid- 
ered so desirable by home builders? 

2) Builders sometin\es use bricks made with 
rough, ribbed surfaces when constructing new 
buildings. We would expect bricks with such 
suri'aces to weather faster. Why are they 
used? 

Old .stone- buildings or those with stone facings 
are also interesting to examine on a neighborhood 
field trip. These can be studied in the same manner 
' as brick buildings. 
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TomjbstoBes ill' a Cemetery , . 

• Visit a cemetery and examine tombstones made 
of differetit rock types such ^^unite, marble, and - . 

limestone. Compare tpjoobstones in hewer p^s of / ^ 

the ceinfetsry:with those in older sections (Figure ; 
15)^ In many cases iti$ much more difficult to read ' /"^ 

the inscnptions on the older tombstone^. Rememfo^^ 
. that a cemetefy should be ' visited with proper 
respect. Do not deface tombstones or destroy ^ 
private property. Atso bo^caillious ^K>ut the dan- 
gers of falling tombstones. Mmy headstones con- ^ 
sist of a tall engraved stone that rests insecurely 
on a jBat base stone and can be easily toppled. This — 
'is especially true in older cemeteries. 

1 ) Compare the color of old and new tombstones 

of similar rock type. Notice how the surfaces v 

of the older ones are commonly discolored— 

spotted or streaked. Oo the s{K>ts or streaks - * 

occur with resf^ct to any arrangement of 

particles in the rock? 

2) Examine the individual minerals within these 
same tombstones. Some minerals have 

changed more than others, both in color and ^^^^^^ Compari^ 
hardness. Are these generallj^.the lighter or gorh of old and new 
darker minerals? tombstones. 
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■ . • 3) Do you see any Stains on the tombstones? if 

so, what^ minerals appear to be the source of - 
this staining? ; . 

4> Compare the hature of the surface of old and - 
new tombstones. Use a hand lens to see these 
features ^nore clearly. Do some particles of 
the rock stand out in relief on the surface? 
^ An banded" or bedded stones, do some layers 
sta^d out on the, surface? , 

5) Notice how inregul&r and worn the edges and 
comers of many older tombstones are. Look 
for spoiling, the breaking loose of flat chips 
or flakes, of these stones. 

6) Examine the different types of rock from ^ 
which the older tombstpnes were made. In ' 
many areas a "local stone" was, commonly 
used for the old tombstones. What types of 
rock are most common? Do you recogjiize 
any as similar to local rock types? Wmch of 
them appear to be less weathered? . 

7y Why would you expect tombstones made of 
limestone and marble to withstand weathering 
considerably better in Nevada than in Ten- 
nessee? 

8) Do you know of a readily accessible type of • 
local stone that could be usied for making 
tombstones for your cemetery? If it is not 
being used, why not? 

9) Do yCu think that by studying their weather- 
ing features you could estimate when the 
tombstones were erected? 

• Old Concrete Sidewalks 

Find an old sidewalk made of concrete and exam- 
ine it carefully. 

1) Why is such a sidewalk (or a concrete high- 
way) commonly cast in separate slabs? 

2) Many older sidewalks show cracks. What are 
the possible causes of this ^racking? 

3) Find a place where, a large tree is growing 
close to the side>^k. Has the growth of the 
tree had any effect on the sidewalk? 
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stone or Cono^ete Pillars 

Walk around a piUar made of stone or conoi^te; 
look carefuiiy at the surface^. Nplice that the weath- 
ering is not unifanh, but instead shows marked dif- 
ferences depending on the exposure. If the piflar 
has a sheltered side, for exarn^le, if it is the comer 
post of a porch, is the !^t weathered surface the 
one best protected by the poreh roof? 



QUESTIONS AFTER THE 
FIELD TBIPS^ 

Base your answers to the following questions on 
your observations in the fields as well as bn your 
knowledge of your community * and neighboring . 
region. 

!) What industries use local materials that are 
directly related to weathering? Consider agri- 
cultural activities, supplien^ of gravel and 
similar materials, and others. What economic 
products result? 

2) Approximately how many families in your 
community are^ directly or indirectly depen- 
dent on the ranchers, farmers, and workers in 
these industries, and on the business and 
professional people who deal 'primarily with 
them? 

3) What action could or should be taken in your 
^ community to utilize the products of weather- 
ing? To reduce its undesirable effects? (Don't 
overlook erosion control and soi^ Cijjinserva- 
tion as important possibilities,) What eco- 
nomic losses in your community result from 
weathering? 

4) List and rank the factors that in your opinion 
influence the rate and pn^iucts of weathering 
in your community. Remember that several 
factors may be closely related, as, for ex- 
ample, the amount of rainfall and the rugged- 
ness of topography. ^ 
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5) Art any rocks quarried in your l£>cality for use 
v>v as facing material on buildings? If so, how 

does their rate of weathering compare with ♦ 
, ^ ^ that of brick buildings? * *» 

6) H«w doefr weather affect construction 
work on either homes or highways in your 
community? Kee)) in mind that weathering 
may cause serious probleins in foundafion 
construction, as by swelling clays or produc- 
ing sands too loose to be dependable. 

7> What amusement, recreational, and sceiiic 
interests in your community and neighboring ' 
region are wholly or in .part -^the result of 
, weathering? The attractions in many parks : 

are particularly important in this regard. 

8) Choose two or three geographic regions of 
the United States that have climates markedly 

. different from those in your local area. What 

. , changes would you expect in rates and prod- 

*^ ucls of weathering if the climatic conditions 

of these other regions existed in your local 
area? 

9) Do you think that the rock on the surface of 
the moon is weathered? Is the lunar rate of 

,^ weathering more or less rapid than the rate of 

weathering on earth? Why? Is there soil on - 
the moon? 
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Glossary 



bedifing-Tobservable, discrete layers of rock. Each 
bed is set apart from rocks t^low and above it 
by differences in rack type, planes of separa- 
tion (called bedding planes), or both. 

bcdrodc-^soHd rock sometimes exposed at the 
surface but commoniy un^grlying untonsoK- 
dated earth in^riaJ. 

differmtial weathaing— a variation in the rtte of 
weathering of dtfferent sections of layers in 
a rock mass. It results from variations in'the 
chemical composition or differences in the 
degree of weathering within these sections 
or layers of rcK:k. 
- bydratioii— a chemical reaction in which the addi- 
tion of water to a compound produces a new 
compound. ^ 

hydrolysis— a chemical reaction of water (com- 
monly dissociated as H * and OH" ions) with 
other compounds^ or one of the ions of water 
with another ion. By the process of hydrolysis, 
relatively insoluble compounds may be broken 
down. 

joint ~a fracture or break in a rock along which 
there has been little or no movement parallel 
to the fracture surface. 

mineral— ^a naturally occurring combination of ele- 
ments with a composition expressable by a 
formula- An orderly arrangement of atoms 
gives most minerals a crystalline structure. 
Over 2000 minerals are knowi^to exist. 
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oxidatiiwi— a chemical reaction involv the iQsi 
■ of one ot more electrons from an ion or atom. 
Because this reaction most commonly involves 
the addition of oxygen, the process is known 
as oxidation. 

rockfabrk-Tlhe^an^ngejriwm the particles 
(grgins, minerSs, rock fragmenti, or fossils) 
in a rock. 

siMcate mineral— one of the many compounds con- 
Wriing SiO* tetrahedrons, either isolated or 
joined to other oxygen atoms, in its crystal 
lattice. Included among the silicates are many 
of the common rock-formiiig minerals such as 
quartz, the feldspars like orthdclase, the micas, 
and the amphilK)le and pyroxene groups, 
soil—loosely speaking, all the unconsolidated earth 
material 'above bedrock. However, the term 
is generally restricted to earth material so al- 
tered by physical and chemical weaiherii^ as 
to support rooted plants, 
profile— a vertical s^tion of the soil from the 
surface down throu^ the horizons (or layers) 
of different observable characteristics that 
have formed during the soil-building processes 
into the parent rock material below, 
^specific gravity— the ratio of the mass of a substance 
to the mass of an equal volume of water at 4°C. 
Specific gravity can be determined by dividing 
the weight of the substance in air by the weight 
of an equal volume of water. These compari- 
sons are commonly made by a double pan 
spring balance known as a Jolly balance, 
weatheringf^the alteration of materia! at or near 
the earth's surface through^iihysical and chem- 
ical processes. Weathering is ap adjustment of 
^ materials to environmental cor^i$»«ajuiiwtler 
to attain equilibrium. 
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Patpphlet Series 

r ■• ' ■ ' 

PS-1 Field Guide to Rock Weathering ★ 

PS-2 Refd Guide to Soils 

PS-3 Field Guide to Layered Rocks 

PS-4 Reld Guide to Fossils / 

. PS-5 Field Guide to Plutonic %nd Metamorphi 
Rocks 

* 

PS-6 Color of Minerafs 

PS-7 Field Guide to Beaches 

PS-8 Field Guide to Lakes 

-PS-g Field G uide to Astronomy Without a Tele^ 
scope 

PS- 10 Meteorites - - 
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